Czech J. Food Sci., 35, 2017 (3): 223-228 doi: 10.17221/389/2016-CJFS Malvidin, petunidin, delphinidin, and peonidin are the most common anthocyanidins found in purplefleshed potatoes, while pelargonidin is in red-fleshed potato tubers (Brown et al. 2008; Tierno et al. 2015) . Anthocyanin content is routinely determined by a simple spectrophotometric method (Lachman et al. 2012) . The aim of this paper is to present the data acquired during the development and validation of a fast routine quadrupole LC-MS/MS quantification method for pigmented potato tubers suitable for nutritional and breeding purposes.
MATErIAL And METHodS
Plant material. Potato tubers (Table 1) came from the agricultural research locality at Uhříněves (Czech Republic). The analytical sample was prepared by freeze-drying (Lyovac GT2; Steris, Germany) thin wedges from 20 randomly selected tubers (with skin) for 7 days. The dry wedges were ground (IKA A11 basic; Germany) and stored refrigerated at 4°C. To collect validation data and monitor the method performance two in-house reference samples were created (separately for purple and red cultivars).
Chemicals. Analytical standards of pelargonidin chloride, cyanidin chloride, delphinidin chloride, malvidin chloride, petunidin-3-glucoside, and malvidin-3-glucoside were purchased from Extrasynthese (France); petunidin chloride and peonidin chloride from ChromaDex (USA). Methanol, acetonitrile (both HPLC grade), ethanol absolute, and hydrochloric acid (35%) were purchased from Lach-Ner (Czech Republic). Formic acid (HPLC grade) and alpha-amylase were obtained from Acros Organics (Belgium). If not mentioned otherwise, all chemicals were of, at least, GR grade or higher. Deionised HPLC grade water (≥ 18 MΩ) was prepared by Simplicity UV (EMD Millipore, Germany).
Sample preparation. 50 mg of freeze-dried sample powder was weighed into a 50-ml clear glass bottle (Shott Duran, Germany) and filled with 50 ml of hydrolysing medium (2.7 M HCl in methanol). The bottle was sonicated for 5 min and then placed into a pre-heated forced air oven (Venticell 111; BMT, Czech Republic) for 3 h at 90°C. Subsequently, the bottle was cooled down and its contents quantitatively transferred into a 100-ml volumetric flask (filled up with methanol). Further 1 : 10 (v/v) dilution of this solution in 1 M HCl in methanol was done. The sample was filtered through a 0.22 µm PTFE syringe filter and analysed. For calibration, separate pelargonidin and malvidin standard stock solutions (40 µg/ml) in 1 M HCl in methanol were prepared and stored refrigerated at 4°C. A combined standard solution of 2 µg/ml in 1 M HCl in methanol was used to create an 8-point calibration curve.
LC-MS/MS method. A 3200 QTRAP triple quadrupole mass spectrometer (AB Sciex, USA) with ESI source coupled with UHPLC (UltiMate 3000 RS, Thermo Fisher Scientific, USA) and nitrogen generator (Parker, USA) was used. Chromatographic conditions were as follows: total run time 7 min; Phenomenex Kinetex C18 column (2.1 × 30 mm, 1.7 µm particle size) kept at 25°C; a binary mobile phase consisting of (A) water with 1% formic acid (v/v) and (B) acetonitrile with 1% formic acid (v/v); gradient elution of 10% B in 0 min, 10% B in 1 min, increasing to 50% B in 5 min, decreasing to 10% B in 5.1 min and 10% B in 7 min; flow rate 350 µl/min.; injection volume 1 µl; autosampler temperature 4°C.
Statistics. All data were computed in Excel 2007 (Microsoft, USA), Statistica 12 (StatSoft Inc., USA), Analyst 1.4 (AB Sciex, Canada), and Chromeleon 6.8 (Thermo Fisher Scientific, USA). A two-way ANOVA, Tukey's test, and t-test on the significance level α = 0.05 were applied.
rESULTS And dISCUSSIon
Method development. Optimised source and compound parameters are shown in Table 2 . The lowest variability of results was achieved using formic acid and ion spray voltage (ISV) of +1500 which gave the highest signal intensity and signal stability (Table 3) . Sample chromatograms are shown in Figure 1 . Based on the work of Xu et al. (2012) , it was proved that hydrolysis at 90°C with 2.7 M HCl for 3 h is the most effective to release anthocyanidins from the potato matrix with recovery not being statistically different from 100% (P > 0.983).
The analyte stability in a stock solution (40 µg/ml, dissolved in 1 M HCl in methanol) stored at 4°C for 9 weeks was determined spectrophotometrically (Giusti et al. 1999) at 529 nm for pelargonidin (ε = 32 400) and 554 nm for malvidin (ε = 36 200). There was no statistical difference (P > 0.979) in the analyte concentration during the 10-week period either for pelargonidin or malvidin ( Figure 2 ) and thus both stock solutions can be deemed as stable during that period if stored tightly sealed at 4°C. Two in-house reference materials (representing red-fleshed cultivars and purple-fleshed cultivars) were tested for stability. During the twelve-month period, the average value for malvidin dropped by 24.9% (CV 9.1%) and by 18.4% (CV 7.8%) for pelargonidin. Both values were statistically different from 100%, signifying a lesser long-term stability.
Method validation. For the purposes of validation, two in-house reference materials and three analysts were used and results were gathered in duplicates. In our study, the selection of one quantifier and one qualifier ion together with fragment ratio and comparison with retention times of external standards was deemed to be an adequate proof of selectivity and analyte identity. Trueness (bias) of the method was investigated by spiking studies using pelargonidin-3-glucoside and malvidin-3-glucoside since anthocyanidins are predominantly found in glycosylated forms in potatoes (Burmeister et al. 2011 ) and expressed as recovery and matrix effects. Matrix effects were assessed by post-column infusion. Our experiments have proved that no ion enhancement/suppression occurs in the potato matrix for any of the anthocyanidins, which might be due to the sufficient matrix dilution after hydrolysis prior to injection.
To estimate precision and recovery, spiking experiments in 3 different matrices (yellow as a matrix blank, purple, and red potato) were used and measured during 8 weeks in duplicates. Recovery for pelargonidin was 97.68% (CV 5.82%) and for malvidin 100.35% (CV 7.92%). Statistically, neither value was found to be different from 100% (P > 0.957). There is no minimum established value for recovery, even though some pharmaceutical guidelines mention the range of 70-120% as acceptable.
Precision indicators (inter-day and intra-day) from the 8-week study are shown in Table 4 . In real samples, the intra-day CV was for both analytes under 15% required e.g. by FDA. Inter-day reproducibility (also investigating different analysts) was higher, ranging from 19.5% to 29.1%. Calibration was assessed by twelve matrix matched calibration standards (2 ng/ml to 1 µg/ml) according to Rozet et al. (2011) . Adequate linearity could be observed only in a very narrow range unsuitable for the routine analysis. Our results have shown that, in this range, a quadratic calibration curve (using a weighing factor 1/x to minimise overestimation of high concentration standards) fits best the data. The coefficient of determination (r 2 ) for pelargonidin was 0.9998, for malvidin 0.9999, and the accuracy for each calibration point ranged between 97.6 and 102.3% for both analytes. Using this calibration curve, the working range of the method is 75 µg/g DW to 13.4 mg/g Limits of detection and quantitation (LOD, LOQ) were calculated according to Kruve et al. (2015) . Pelargonidin LOQ corresponds to 75.03 µg/g DW (2.8 ng/ml) and malvidin LOQ to 54.74 µg/g DW (2.0 ng/ml). Since LOQ is defined as the lowest amount of the compound of interest in a sample that can be measured with an acceptable level of precision and accuracy (Bozovic & Kulasingam 2013), then the CV for pelargonidin and malvidin at LOQ level is 8.21 and 9.10%, respectively, which is in line with FDA requirements (CV ≤ 20%).
Uncertainty is usually expressed as a multiple of standard deviation. Using a factor of 2, there is about 95% probability that the true measurement result is within this interval (Rozet et al. 2011) . Using a top-down approach and the results collected during the validation study, the uncertainty was calculated according to the AOAC guidelines for pelargonidin in red potatoes as being 19.24% and for malvidin in purple potatoes as being 19.7%.
Due to the very fact that there are only few validation parameters available for comparison either on anthocyanidins, potato matrix, or LC-MS/MS detection, it is very difficult to compare achieved results (also because researchers use different experimental designs and conditions for gathering validation parameters). Our validated method achieves lower LOQs compared to Shim et al. (2015) which were 0.48 mg/kg for pelargonidin and 0.91 mg/kg for malvidin, a much shorter chromatographic run compared to Nyman and Kumpulainen (2001) 25 min, and has similar recoveries as Xu et al. (2012) achieved for grape juice (99.9-102.8%). Compared to Shim et al. (2015) , similar intra-day precision was achieved for red and purple potato yet with higher inter-day values which in our study design shows the effect (variability contribution) of three different analysts carrying out the same analytical procedure. Having validated the method and tested the method it is possible to conclude that the method we have developed for potato matrix is fit-for-purpose for measuring reliably anthocyanidins in freeze-dried pigmented potato tubers. 
